Introduction {#s0001}
============

Lumbar spinal stenosis (LSS) refers to changes in morphology and tissue structure of the lumbar vertebrae and soft tissue (eg, vertebral body, facet joint, lamina, ligamentum flavum (LF), intervertebral disk) caused by various factors that results in stimulation or compression of the central spinal canal and lateral crypts and nerve pores at the nerve roots or cauda equina, thereby causing several clinical symptoms. Common causes include degenerative, congenital, iatrogenic, and traumatic factors, isthmic spondylolisthesis, metabolic and endocrine diseases, infectious diseases, tumors, and cartilage diseases.[@cit0001] Degenerative LSS is a common disease of the spine that causes severe pain, disability, and dysfunction.[@cit0002]--[@cit0006] Prevalence of LSS in the general population is estimated at 9% and up to 47% in people over the age of 60 years.[@cit0007] LSS is the most common indication for spine surgery in patients aged over 65 years.[@cit0008]

Lumbar LF hypertrophy (LFH) is a clinical pathological phenomenon considered one of the causes of LSS. The LF forms an aspect of the posterior wall of the spinal canal, and hypertrophy of each part of the LF can directly compress the spinal canal and cauda equina. Moreover, since the ligamentum flavum also forms part of the posterior edge of the intervertebral foramen, under hypertrophic conditions it causes a decrease in the width of the intervertebral foramen, which results in venous congestion and high pressure around the nerve roots, thereby leading to the limb symptoms. Currently, most clinicians recommend surgery for the treatment of LSS; however, most patients with LSS refuse surgery, because of surgical risks, complications, low surgical tolerance, and financial burden. Minimally invasive spinal surgeries have been gaining popularity recently, because of decreased iatrogenic trauma, comparable clinical outcomes, and shortened hospitalization.[@cit0009]--[@cit0011] To the best of our knowledge, this is the first study to report success with computed tomography (CT)--guided percutaneous release of the lumbar ligamentum in a patient with LSS.

Case Report {#s0002}
===========

A 62-year-old woman sought medical help in our department for severe low-back pain of 3 years' duration with accompanied numbness of the right leg. Initially, the patient had no obvious cause of low-back pain and did not go to the hospital for treatment. Application of an analgesic plaster achieved poor curative effect. Subsequently, the back pain gradually worsened, and numbness of the right leg developed at the same time and progressed over the course of 3 years. She visited our department for treatment on March 9^t^, 2018. She complained that if she sat for more than 2 hours or walked more than 300 m, she experienced low-back pain accompanied by numbness at the front side of the right thigh and lateral calf, and relief of symptoms when she was lying down or bending forward. However, these symptoms seriously affected her daily life and activities.

The patient was subjected to a straight leg--raising test, and the result showed that the right side was positive at 70° and the left side negative. There was no obvious tenderness at the patient's waist. Patient evaluation was performed using the VAS and Japanese Orthopaedic Association (JOA) scores before and after treatment. In the results Before treatment, scores of VAS of 6 points and JOA of 10 points were obtained. Based on these findings, she was recommended to undergo lumbar magnetic resonance imaging (MRI) to assist in diagnosis. In MRI results ([Figure 1](#f0001){ref-type="fig"}), lumbar curvature was normal and anterior and posterior margins of multiple vertebral bodies rough and sharp. On the *T*~2~-weighted image scan, presence of multiple signals of the intervertebral disk, bulging of the intervertebral disk at L2/3, L3/4, and L4/5, protrusion of the intervertebral disk at L5/S1, dural sac compression at corresponding levels, LFH at L2/3 L3/4, and L4/5, and LSS were observed.Figure 1(**A**) Normal lumbar curve and alignment; (**B**) sagittal location map; (**C**) L5/S1 disk herniation; (**D**) L4/5 ligamentum flavum hypertrophy; (**E**) L3/4 ligamentum flavum hypertrophy; (**F**) L2/3 ligamentum flavum hypertrophy.

Before the operation, positioning and labeling of L2/3, L3/4, and L4/5 with the positioning grid was performed under CT guidance. Subsequently, the CT scan was used to measure the bilateral thickness of the LF at L2/3, L3/4, and L4/5. The angle and depth of the needle on the left and right sides of the L2/3, L3/4, and L4/5 segments were measured on the CT-scan image and the needle-insertion point marked on the body surface ([Figure 2](#f0002){ref-type="fig"}). For routine surgical disinfection, 2% lidocaine was injected into each of the facet joints. The facet joint was punctured with the needle knife, the direction and depth of the needle adjusted to the edge of the lower facet, and the position reconfirmed by CT scan ([Figure 3](#f0003){ref-type="fig"}). Next, the needle knife was used to cut the attachment point of the LF to about 2--3 mm depth and pressed for 10 minutes, and the patient was instructed to maintain a supine position for 6 hours. After surgery, there was a small amount of hemorrhage, no infection, ecchymoma, headache, dizziness, or numbness, and pain and weakness of the lower limbs and other complications ([Figure 4](#f0004){ref-type="fig"}). Then, the thickness of the bilateral LF at L2/3, L3/4, and L4/5 was measured ([Table 1](#t0001){ref-type="table"}). In the straight leg--elevation test performed immediately after the operation, negative results on the VAS (0 points) and JOA (10 points) were obtained at both sides. She was followed up after treatment at 1, 2, 4, 6, and 12 months ([Table 2](#t0002){ref-type="table"}). In the results of follow-up evaluation at 12 months, VAS of 0 points and JOA of 29 points were obtained. The patient's waist and leg pain had completely resolved.Table 1Preoperative and Postoperative Thickness of the Bilateral Ligamentum FlavumL2/3L3/4L4/5Before surgeryAfter surgeryBefore surgeryAfter surgeryBefore surgeryAfter surgeryLeft0.40.40.50.50.70.6Right0.60.50.60.50.70.6 Table 2Preoperative and Follow-Up Results of VAS and JOAVASJOAPreoperative610Postoperative 1 month029Postoperative 2 months029Postoperative 4 months029Postoperative 6 months029 Figure 2(**A**) Needle-knife insertion point on the body surface: (**B**) angle and depth for L2/3; (**C**) angle and depth for L3/4; (**D**) angle and depth for L4/5.Figure 3(**A**) Needle-knife position on the body surface: (**B**) for L2/3; (**C**) for L3/4; (**D**) for L4/5. (**E**) 3-D reconstruction.Figure 4(**A**) The needle-knife used in the surgery; (**B**) intraoperative blood loss; (**C**) postoperative body-surface situation.

Literature Review {#s0003}
=================

We searched for relevant studies in PubMed using the terms "lumbar ligamentum flavum hypertrophy", "lumbar ligamentum flavum thickening", and "lumbar ligamentum flavum calcification". As a result, 136 relevant citations from 1956 to September 2018 were retrieved. Only full-text articles of case reports in English were reviewed. Among these, the main focus was to study the pathological and physiological mechanisms of hypertrophy of the ligamentum flavum, and few reports of clinical cases were present. For each case, specific details extracted were epidemiological characteristics, chronological details, chief complaint at presentation, symptoms, imaging findings, and treatment.

LFH is considered a major cause of (LSS),[@cit0012] and can also lead to lateral recess stenosis and foramen stenosis, thereby leading to simultaneous compression of the spinal cord and nerve roots.[@cit0013] Age-related increases in disk degeneration combined with continuous lumbar segmental flexion--extension motion lead to development of LFH.[@cit0014] Saito et al reported that mechanical stress was a causative factor for LFH and stressed the importance of macrophage infiltration in the progression of LFH via stimulation of collagen production.[@cit0015] Chelladurai et al reported that there was no significant difference in LFH between the two sides and sex.[@cit0016] Currently, there are two treatment approaches in patients with thickening of the LF: operative treatment and nonoperative treatment. For operative treatment, several methods of excision of the LF, eg, decompressive laminectomy and minimally invasive decompression, are performed under general principles of full decompression and spinal stability. For nonsurgical treatment, targeted drugs are mainly used in oral or injectable form, and in cases of poor effectiveness are indicated for surgery. Most investigators consider that operative treatment should be the first treatment of choice.[@cit0017]

In the literature review, 540 patients were identified ([Table 3](#t0003){ref-type="table"}). Patient ages were 33--79 years, with an average of approximately 54.2 years. Among patients identified with LSS, 166 (30.7%) were women and 374 (69.3%) were men. Operative treatment (71.6%) was the main option, including excision of the LF (35.9%), decompressive laminectomy (8.1%), and minimally invasive decompression (27.6%). Nonoperative treatment (28.4%) comprised epidural steroid injections. Operative treatment is more effective in relieving clinical symptoms caused by LFH than nonsurgical treatment.Table 3Literature Review540 CasesAverage age, years54.2 (33--79)Sex (female/male)166/374Excision of the ligamentum flavum194 (35.9%)Decompressive laminectomy44 (8.1%)Minimally invasive decompression149 (27.6%)Epidural steroid injections153 (28.4%)

Discussion {#s0004}
==========

Lumbar degenerative diseases include lumbar disk herniation, facet-joint hyperplasia, and LFH, which can lead to LSS. Because the LF covers the lateral posterior aspect of the lumbar spinal canal, hyperplasia is considered one of the most important causes of LSS. Li et al reported that degeneration of the intervertebral disk and facet joints leads to abnormal stress in the LF, which promotes hypertrophy of the LF.[@cit0018] The stress abnormality causes lumbar spine instability and a consequent repeating cycle of local injury and repair, which results in hypertrophy and even ossification of the LF. The lumbar ligamentum is divided into two parts: the medial part, located between the lamina, which comprises an aspect of the posterior wall and posterior lateral wall of the central spinal canal, and the lateral part, which extends outward and merges with the intervertebral facet-joint capsule with gradual thinning, and forms aspects of the central part, posterior wall of the spinal canal, lateral recess, and intervertebral foramen.[@cit0019] Due to these anatomical features, lumbar LFH causes stenosis of the spinal canal, and through merging with the lateral crypts and intervertebral foramen stenosis, results in simultaneous compression of the spinal cord and nerve roots.[@cit0013] Studies have shown that lumbar LFH often coincides with lumbar disk herniation and facet-joint degeneration, and hence these patients present typical clinical symptoms of low-back pain and intermittent claudication,[@cit0020] similar to those in our patients. In MRI and CT images acquired in our study, LFH of the lumbar spine was accompanied by lumbar disk herniation and degeneration of the facet joints at the corresponding segments.

A recent report of the North American Spinal Association indicated that a diagnosis of LSS should made in patients manifesting symptoms of the hip or lower-extremity pain, with or without lumbar pain, due to reduced space available for the nerves and blood vessels within the spinal canal. However, the diagnostic method for LSS still lacks a gold standard and is currently based on a combination of medical history, physical examination, and imaging studies.[@cit0021] In our patient, the performance of imaging contributed less to the diagnosis than the symptoms. Nevertheless, the combined results of medical history, physical examination, and imaging enabled the diagnosis of LSS.

The current treatment approach for LF thickening includes operative and nonoperative treatment. Operative treatment includes such procedures as excision of the LF, decompressive laminectomy, and minimally invasive decompression. Several operative methods are available, but in general surgeons follow the guiding principles of full decompression and spinal stability. Nonsurgical treatment mainly involves targeted drugs administered orally or by injection, and operative treatment is indicated in nonresponders.[@cit0017] Most investigators have recommended operative treatment as first treatment choice and considered that conservative treatment was less effective for LSS, due to LFH;[@cit0020] however, conflicting opinions regarding the surgical indications for LSS have been expressed. Most reports have indicated that the symptoms of patients with LSS, such as lower-extremity pain, intermittent claudication, and cauda equina syndrome, seriously affect activities of daily life and work. The overall recommendation is that surgical treatment should be performed in patients who have undergone conservative treatment for 3--6 months without significant remission and able to tolerate surgery, and the goal of the different treatment methods for degenerative LSS was to relieve the patient's symptoms.[@cit0007] In general, LSS leads to slow regression of function, but is not life-threatening. Some patients' symptoms remain unchanged without deterioration or improvement of condition after a period, and conservative treatment is considered acceptable for some patients with mild LSS. Recently, minimally invasive surgery has become increasingly popular, due to low incidence of iatrogenic trauma, similar clinical outcomes compared to invasive operations, and shorter hospital stay.

In our study, we achieved successful treatment through needle-knife release of the lumbar LF. The patient's waist and leg pain were completely resolved immediately after the operation. Follow-up results at 1, 2, 4, 6, and 12 months after treatment showed that the short-term and long-term effects were stable ([Table 2](#t0002){ref-type="table"}). The mechanism of action involves the cutting action of the needle knife to break off some of the LFH fibers, thereby reducing tension, pressure in the spinal canal, and stimulation of the nerve roots, and restoring biomechanical balance of the soft tissue.[@cit0014] In the immediate postoperative period, we conducted CT and observed reduced thickness of the LF compared to before surgery ([Table 1](#t0001){ref-type="table"}).

The needle knife is a type of surgical treatment using a fine scalpel, was introduced byHanzhang Zhu in the 1970s, and combines traditional Chinese medicine with modern Western medicine. Since its inception, it has been widely used in traditional Chinese-medicine hospitals and "barefoot doctor" clinics in China ([Figure 4](#f0004){ref-type="fig"}). Percutaneous lumbar LF release by needle knife has gained popularity for the treatment of lumbar disk herniation and other conditions affecting this area. However, applicability of this method in patients with LSS remains unclear. Usually, in acupotomy ([Figures 5](#f0005){ref-type="fig"} and [6](#f0006){ref-type="fig"}), the part to be treated must be stripped and peeled four or five times to form the same cut trace of a discontinuous line. Such an operation can form a row of small holes in the thickened LF and bone attachment to decompress and repair. The diameter of the acupuncture needle used in acupotomy is usually 0.4--1.2 mm, similar to the size of a syringe needle. Therefore, acupotomy has the shovel and lysis effect from the insertion and puncture operation in human tissue that the human body can basically repair spontaneously, with an extremely low possibility of scar formation. The difference between the lysis in acupotomy and the complete breaking of the ﬁber in surgical operation is that the former belongs to a local ﬁber disconnection and the human body can perform the repair mechanism after the operation. Following LF-acupotomy lysis, the abnormal stress caused by LFH will be alleviated to a certain extent, which decompresses the posterior of the spinal canal and reduces its compression of the dural sac and nerve root.Figure 5Needle-knife insertion into the yellow ligament inside the facet joint.Figure 6The needle-knife area stripped and peeled four or five times to form the cut trace of a discontinuous line and needle-tip operation on the bone surface without a feeling of falling to avoid puncturing the spinal dura mater. LF, ligamentum ﬂavum. Orange rectangle: needle knife is not in the bone surface.

In this case, the imaging results of the lumbar spine contributed less to making diagnosis than the symptoms. Use of imaging findings alone may have led to the decision to pursue conservative treatment, and as a consequence seriously impacted the patient's quality of life. Treatment of degenerative LSS should consider the holistic concept and target the bone structure, soft-tissue balance, and lumbar back muscle's fascia chain. Such an approach achieves alleviation of symptoms compared to processing based on the results of imaging examination alone.[@cit0022] Early evaluation of the patient's course, symptoms, and signs would allow early diagnosis and treatment with minimum cost and maximum therapeutic effect. Individualized diagnosis and treatment plans for each patient involving gradual stepwise treatment using conservative minimally invasive surgery and segmentation show potential to prevent excessive surgery, minimize complications, and ensure effectiveness and safety during treatment.

In conclusion, needle-knife therapy is a minimally invasive treatment of traditional Chinese medicine in China. We conducted needle-knife therapy under CT guidance to ensure accuracy and safety of treatment in a patient with degenerative LSS. Advancements in minimally invasive surgery would allow the development of lumbar surgery in future. This report of our experience with CT-guided percutaneous lumbar LF release by needle knife in the treatment of LSS has potential for use as a clinician's reference.
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